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ANODE 
Technical Field 

This invention relates generally to electrochemical production practice and 
more specifically, to anodes. 

Background Art 

Some prior-art anodes are known to comprise a titanium base coated with 
an active coating from manganese dioxide, such anodes being produced by 
intermixing powdered titanium and powdered manganese, followed by molding 
and sintering the resultant mixture, applying a manganese nitrate solution to said 
base, and heat-treatment of the latter (cf. US Patent No4,269,691, IPC C 25 B 
11/16, 1981). 

The closest to the herein-proposed invention as to its technical essence and 
the obtainable result is an anode as disclosed in the USSR Inventor's Certificate 
Nol,713,983, IPC C 25 B 11/16, 1989. The anode in question comprises a 
titanium base appearing as a rod made of a titanium alloy to which a manganese- 
dioxide coating is applied, using any heretofore-known technique, viz., direct 
electrolytic deposition of manganese dioxide or thermal decomposition of a 
solution containing sulfuric acid and manganese sulfate. 

However, said known anodes suffer from a number of disadvantages, 
namely, poor adhesion of a layer of manganese dioxide to the titanium metal 
base; an increase in the anode potential to an impermissible high value (over 2.5 
V); a considerable difference between the values of the thermal expansion 
coefficient of titanium and of manganese dioxide resulting in destruction of the 
manganese dioxide layer and separation of large coating areas which as a whole 
affects adversely the quality of a finished anode due to titanium passivation. 
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With a view to increasing the adhesive properties of manganese dioxide 
towards the titanium base attempts were made to subject the surface of said base 
to special perforating; however, said procedure only added to complexity of the 
anode production process. 
5 Disclosure of the Invention 

It is a principal object of the present invention to provide a titanium-base 
anode, wherein the manganese-dioxide layer thereof features higher adhesive 
properties towards said titanium base, as well as a higher strength of said coating 
layer, with a simple production process of said anode. 
10 Said object is accomplished due to the fact that in an anode comprising a 

titanium base coated with a manganese-dioxide coating, according to the 
invention, the titanium base appears as a plate made of porous titanium and 
having a thickness of 3 mm and over and a void content of from 5 to 45%. 

While being crystallized in the initial period of time in the voids of the 
15 titanium base and then on the surface of said base-plate, manganese dioxide 
forms strong bonds throughout the bulk of the anode, said bonds preventing the 
exterior layer from spalling and the anode itself from passivation. Effect of a 
difference between the values of the thermal expansion coefficient of manganese 
dioxide and of titanium on the strength of coating is much reduced due to the fact 
20 that the exterior working layer of manganese dioxide is crystallized 
predominantly on those manganese-dioxide crystals which have grown into the 
voids of the titanium base which in this particular case serves as a metal 
framework of the entire anode, adapted to impart bending and tensile strength to 
the anode and to serve as a current-carrying element of the working member of 
25 the manganese-dioxide anode. 
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The lower limit of thickness of the porous titanium base depends on the 
required bending and tensile strength of the anode, as well as electric 
conductance thereof. Provision of the titanium base more than 5 mm thick does 
not affect the technological characteristics of the anode but results in an 
5 unjustified increase in the production costs of the anode due to a higher 
consumption of titanium. 

The lower limit of the void content of the titanium base (below 5%) is 
dictated by the production capability of said porous plate and by poor adhesion 
of manganese dioxide to said base, and rather frequent spalling of the 
10 manganese-dioxide layer. It is recommended that the lower limit of the void 
content preferably be at 25%. 

The upper limit of the titanium base void content, i.e., 45% is determined 
by economic expediency in view of the fact that any increase in the void content 
of the titanium base will result in a higher consumption of the agents involved in 
15 establishing a required manganese-dioxide layer and in a reduced bending 
strength of the titanium base due to higher brittleness of the plate, whereby said 
upper limit of the titanium base void content is recommendable to lie within 
40%. 

In what follows the invention will be disclosed in its specification with 
20 reference to a specific embodiment thereof. 

Best Method of Carrying Out the Invention 
Used for producing an anode a plate having a thickness of 4.1 mm and 
measuring 1 100 x 800 mm made of porous titanium having the void content of 
25%. The plate having the aforesaid dimensions was positioned horizontally and 
25 was coated with a manganese-nitrate solution having a density of 1.65 kg/cu.m, 
using a brush. Next the applied layer, i.e., a manganese-nitrate coating, was 
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heated in a furnace provided with an exhaust system, at a temperature T = 200 to 
250°C. As a result of heating, manganese nitrate is decomposed into manganese 
dioxide and nitrogen dioxide, the latter being removed, while manganese dioxide 
is deposited on the porous titanium base to crystallize in the voids of the titanium 

5 plate in the initial period of time. The step of applying a manganese-dioxide layer 
on the plate was repeated ten times in succession, with the result that manganese 
dioxide crystallized over the entire surface of the porous titanium plate to form a 
strong bond within the whole bulk of the anode. Hence with the original weight 
of the titanium plate equal to 8.2 kg, a finished anode was obtained, weighing 

10 12.3 kg and comprising a porous titanium base, i.e., the plate coated with a 
manganese-dioxide coating. 

Given below is a table representing the main anode characteristics, that is, 
duration of continuous operation and spalling area vs the void content of the 
titanium plate, the initial two lines presenting the characteristics of the 

15 heretofore-known anodes, i.e., those having a titanium base. 



Table 



Material of anode 


Void content, 


Continuous 


Bath voltage, V 


Spalling area, % 


base 


% 


operation 
time, h 






1 


2 


3 


4 


5 


1 .Titanium sheets, 
perforation-free 


0 
0 


14 

25 


5.7 
7.8 


20.2 
73.0 


2. Titanium sheets, 


0 


216 


5.8 


15.5 


perforated 


0 


350 


6.7 


2.5 


3. Porous plate 


5 


200 


5.1 


8.9 


4. Porous plate 


15 


250 


4.9 


4.5 


5. Porous plate 


20 


350 


4.7 


3.1 
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1 


2 


3 


4 


5 


6. Porous plate 




25 




350 




3.4 




0 


7. Porous plate 




25 




700 




3.4 




0 


8. Porous plate 




30 




1000 




3.4 




0 


9. Porous plate 




40 




1000 




3.4 




0 


10. Porous plate 




45 




970 




3.6 




1.6 



Industrial Applicability 
The present invention can find application for electrolysis of zinc- and 
other solutions or in producing electrolytic zinc. 

5 



JL OO.e "9 S S ,] 3 , O «+0 3 O.E! 



6 

CLAIMS 

An anode, comprising a titanium base, coated with a manganese-dioxide 
coating, CHARACTERIZED in that said base in the form of a plate of porous 
titanium with a thickness of 3 mm and more and a porosity of 5 to 45 %. 

5 
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CLAIMS 

An anode for electrolysis of zinc- and other solutions, comprising a titanium base 
appearing as a plate made from porous titanium and having a thickness of 3 mm and over, 
coated with a manganese-dioxide coating, CHARACTERIZED in that said plate has the 
same void content uniform throughout the bulk of the anode, strong bonds being 
established between manganese dioxide and the titanium base, said bonds preventing the 
exterior layer from spalling and the anode from passivating, the void content being from 5 
to 29%. 



(12) ME5K^HAPO^HAH 3AJIBKA, OIiyEJIHKOBAHHXJI B COOTBETCTBHH C 
flOrOBOPOM O IIATEHTHOH KOOIIEPAipiH (PCT) 



(19) BCEMHPHA5I OPrAHH3AI^HH 
HHTEJUIEKTYAJIbHOH COBCTBEHHOCTH 

MeamyHapojmoe 6iopo 



(43) Jlara Me^K^yiiapo^HOH ny6jiHKauuH: 
12 anpejifl 2001 (12.04.2001) 




_ (10) HoMep Me»tayHapoaHOH nyojimcaium: 

"CI WO 01/25509 Al 



(51) MeacayHapOAHaa iia iCHnian KJiaccH(|>HKauHH : C25B 
11/10 

(21) HoMep Mc^yHapo/iHOH sbbbkh: PCT/RU00/002O8 

(22) AaTa MextijyHapoAHOH no^ani: 

31 Max 2000 (31.05.2000) 

(25) «3bik no/iaHii: pyccKHH 

(26) H3biK ny6jiHKauHH: pyccKHH 

(30) ^aHHbie o npnopH reTe: 

99120650 5 OKTa6p* 1999(05.10.1999) RU 

(71) 3anBHTejib h 

(72) H3o6peTaTejib: XOflOB Hmcojiafi Bjia^iiMHpoBHH 

[RU/RU]; 362003 BjiaflHicaBKas, yji. K.MapKca, a. 46, 
kb. 4 (RU) [KHODOV, Nikolai Vladimirovich, Vla- 
dikavkaz (RU)]. 



(74) AreHT: OHPMA «I|EHTP IIATEHTHMX YCJiyT»; 
117279 MocKsa, yji. MHKjryxo-MaKJias, j\. 55a (RU) 
[FIRM «PATENT SERVICES CENTRE», Moscow 
(RU)]. 



(81) yKa3aHHbie rocyaapCTBa (naifuouajibHo): AE, AL, 
AM, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, 
CN, CR, CU, CZ, DE, DK, DM, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, 
PT, RO, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) YKaiaiiiibie rocyaapCTBa (peeuoncuibHO): ARIPO na- 
xeHT (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, 
UG, ZW), eBpasHHCKHM nareHT (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM), eBponeficKHH nareHT (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), naTCHT OAPI (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, 
TG). 

Ony6jiHKOBaHa 

C omnemoM o MeofcdynapodnoM noucKe. 
C tGMeueHHOu <popjuyjiou u3o6pemeHnn u 
o6-bHcneHueM. 

B omnoxuenuu deyxdyKeeHHbix Kodoe, Kodoe x3biKoe u dpy- 
2ux coKpaiqeuuu cm. « TJoHCHewusi k KodaM u coKpameuu- 
xm», ny6nuKyeMbie e naHcuie KCQicdozo onepednozo ebinyctca 
StojuiemeuR PCT. 



^ (54) Title: ANODE 
O 
IT) 
ID 
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l/^ (54) Ha3Baime moSpeTemui: AHO£ 



(57) Abstract: The invention relates to a titanium-based anode in the form of a plate of porous titanium with a thickness of 3 
O mm and more and a porosity of 5 to 45 %. 

^ (57) Pe4>epaT: npeAJiaraercJi anofl na THTaHOBOH ocHoae, KOTopaa npeflCTaBJweT co6om nnacTHHy H3 nopHcroro THxaHa ot 3 

|^ MM H BblUie H nOpHCTOCTblO OT 5 RO 45%. 
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I I wreby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by 
any amendment referred to above, I acknowledge the duty to disclose mformation which is material to patentability as defined in 37 CFR 
§ 1.56. 
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